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Specification 

1, Title of the Invention: 

Synthesizer of Direct Modulation Scheme 

2. Claim: 

1, A synthesizer of a direct modulation scheme, 
comprising : 

a phase-locked loop circuit comprising a reference 
signal generator, a phase comparator, a loop filter, a 
voltage-controlled oscillator, and a variable divider for 
dividing a signal of the voltage-controlled oscillator, 
said synthesizer being operated so as to control the 
oscillation frequency of the voltage-controlled 
oscillator in response to a control signal outputted from 
the loop filter, and input a modulated signal to a 
modulation terminal of the voltage-controlled oscillator 
and thereby output a modulated wave from the voltage- 
controlled oscillator; 



1 



a gain variable circuit; and 

an adjustment circuit for adjusting a change in the 
gain of the gain variable circuit, 

said gain variable circuit and said adjustment 
circuit being provided in such a manner that the level of 
the modulated signal inputted to the modulation terminal 
of the voltage-controlled oscillator is varied according 
to the control signal outputted from the loop filter to 
thereby hold constant the product of modulation 
sensitivity of the voltage-controlled oscillator and gain 
of the gain variable circuit with respect to a voltage 
value of the control signal . 
3. Detailed Description of. the Invention: 
[Industrial Field of Application] 

The present invention relates to a modulatable 
frequency synthesizer, and particularly to an improvement 
in a synthesizer of a direct modulation scheme. 
[Summary of the Invention] 

A synthesizer of a direct modulation scheme is 
equipped with a gain variable circuit and an adjustment 
circuit for adjusting a change in the gain of the gain 
variable circuit, both of which are provided in such a 
manner that the level of a modulated signal inputted to a 
modulation terminal of a voltage-controlled oscillator is 
varied according to a control signal outputted from a 
loop filter to thereby Iceep constant the product of 
modulation sensitivity of the voltage-controlled 
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oscillator and gain with respect to a voltage value of 
the control signal. 
[Prior Art] 

In a synthesizer of a direct modulation scheme, a 
phase-locked loop (hereinafter called PLL) circuit has 
heretofore been made up of a reference signal generator 1, 
a phase comparator 2, a loop filter 3, a voltage- 
controlled oscillator (hereinafter called VCO) 4, and a 
variable divider 5 for dividing a signal outputted from 
the VCO 4 as shown in Fig. 3. Further, an oscillation 
frequency of the VCO 4 is controlled based on a control 
voltage 7 outputted from the loop filter 3, and a 
modulated signal 8 outputted from an audio circuit 6 is 
inputted to a modulation terminal of the VCO 4, whereby a 
frequency-modulated wave is taken out of an output 
terminal of the VCO 4. A circuit example of the VCO 4, 
which has been employed in the synthesizer of the direct 
modulation scheme configured in this way, is shown in Fig. 
4, and the operation thereof will be described below. 

Here, the VCO 4 comprises an oscillating transistor 
30, a coupling condenser 31, an inductance 32, and 
resistors 37 and 38. The inductance 32 is coupled to the 
oscillating transistor 3 0 through the condenser 31. An 
oscillation frequency controllable variable capacitance 
diode 35 connected via a coupling condenser 33, and a 
direct-modulating variable capacitance diode 3 6 connected 
via a coupling condenser 34 are respectively wire- 
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connected between the inductance 32 and a ground line. A 
frequency control voltage 7 output ted form the loop 
filter 3, and a modulated signal 8 outputted from the 
audio circuit 6 are respectively applied to the cathode 
of the oscillation frequency controllable variable 
capacitance diode 3 5 and the cathode of the direct- 
modulating variable capacitance diode 36. 

Assuming now that the capacitance corresponding to 
the sum of the capacitance of the coupling condenser 34 
and the capacitance of the direct-modulating variable 
capacitance diode 3 6 is Cb, a change in the total 
capacitance Cb due to the modulated signal 8 applied from 
the audio circuit 6 can be represented as ACb- On the 
other hand, let's assume that the total capacitance of 
the coupling condenser 33 and the oscillation frequency 
controllable variable capacitance diode 3 5 is Ca/ and the 
total capacitance thereof obtained when the frequency 
control voltage 7 applied from the loop filter 3 is low, 
i.e., the oscillation frequency is low, is Cal# and the 
total capacitance thereof obtained when the frequency 
control voltage 7 applied from the loop filter 3 is high, 
i.e., the oscillation frequency is high, is Cah/ the 
relationship between these Cal and Cah can be expressed as 
follows : 

Cal > Cah (1) 

Also assuming that the total capacitance of Ca and Cb is 
Cl# the oscillation frequency of the VCO 4 is proportional 
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to Cl. Namely, modulation sensitivity at the direct 

modulation terminal of the VCO 4 is proportional to a 
square root of a ratio between the total capacitance Cl 

and above ACb- Thus, ACb/Cl at the time that the 
oscillation frequency control voltage is low and high, 
will therefore be expressed by the following equations. 
When the oscillation frequency control voltage is low, 
ACb/Cl is given as follows : 

ACb/Cl = ACb/Cal+Cb (2) 

When the oscillation frequency control voltage is high, 

ACb/Cl is given as follows: 

ACb/Cl = ACb/Cah+Cb (3) 

Thus, the relationship between the equations (2) and (3) 
is expressed in the following manner from the relation of 
the above equation (1) : 

ACb/Cal+Cb < ACb/Cah+Cb (4) 

Namely, the modulation sensitivity of the VCO 4 changes 
according to the control voltage (i.e., oscillation 
frequency) for controlling the frequency. Further, the 
rate of change in the modulation sensitivity due to the 
control voltage for controlling the frequency of the VCO 
4 is determined by the values of Ca, Cb and ACb and 
illustrated as indicated by A, B and C of Fig. 5 due to 
the difference in voltage range of the frequency control 
voltage 7 applied from the loop filter 3 and variations 
in parts, etc. 

[Problems that the Invention is to Solve] 
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As is apparent from the above result, a frequency 
shift due to a modulated signal of a frequency-modulated 
wave outputted from a VCO changes according to an 
oscillation frequency of the VCO, Further, the amount of 
change in the frequency shift depends even on variations 
in parts constituting the VCO and is not fixed uniformly. 
Namely, when the synthesizer of direct modulation scheme 
having the conventional configuration is used in an FM 
wireless device, a problem arises in that a difference 
occurs in the frequency shift due to the oscillation 
frequency, i,e., a specified channel. This becomes an 
important problem as the bandwidth of the wireless device 
becomes widespread. Further, a change due to variations 
in the difference in frequency shift also becomes an 
important problem to be solved. 

The present invention has been made to solve the 
foregoing problems. An object of the present invention is 
to provide a synthesizer of a direct modulation scheme, 
which is capable of canceling out a difference in 
modulation sensitivity due to an oscillation frequency 
control voltage of a VCO and realizing it over a wide 
range, and also canceling out a difference in modulation 
sensitivity due to part variations or the like. 
[Means for Solving the Problems] 

In order to achieve the above object, the present 
invention is provided wherein a gain variable circuit 
used so as to hold constant the product of modulation 
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sensitivity of a VCO and gain with respect to a frequency 
control voltage is configured so as to vary the level of 
a modulated signal and thereby always keep constant a 
frequency shift of a modulated wave outputted from the 
VCO. Further, an adjustment circuit for adjusting a 
change in the gain of the gain variable circuit so as to 
keep constant the product of modulation sensitivity of 
the VCO and gain even if the rate of change in the 
modulation sensitivity of the VCO changes due to 
variations in parts constituting the VCO, etc., is 
configured so as to cancel out the variations in the 
parts, etc. and always keep constant the frequency shift 
of the modulated wave outputted from the VCO. 
[Effects] 

Accordingly, the present invention makes it 
possible to vary the level of a modulated signal applied 
to a VCO in response to modulation sensitivity of the VCO 
through the use of a control voltage for controlling an 
oscillation frequency of the VCO to thereby hold constant 
a frequency shift regardless of the oscillation frequency 
and variations in parts, etc. 
[Embodiment] 

The present invention will hereinafter be described 
in detail based on an embodiment illustrated in the 
drawings . 

Fig. 1 is a block diagram showing one embodiment of 
a synthesizer of a direct modulation scheme, according to 
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.the present invention. The synthesizer according to the 
present embodiment is similar to the conventional example 
shown in Fig. 3 in that a PLL circuit comprises a 
reference signal generator 1, a phase comparator 2, a 
loop filter 3, a VCO 4 and a variable divider 5. A 
modulated signal 8 outputted from an audio circuit 6 
results in a modulated signal 12 whose level is 
controlled by a gain variation-executing gain variable 
circuit 10 based on a frequency control voltage 7 
outputted from a loop filter 3, followed by input to a 
modulation terminal of the VCO 4. The rate of change in 
gain of the gain variable circuit 10 with respect to the 
frequency control voltage 7 is adjusted by a gain change- 
rate adjustment circuit 11, and the product of modulation 
sensitivity of the VCO 4 and the gain of the gain 
variable circuit 10 with respect to the voltage value of 
the frequency control voltage 7 is formed so as to become 
constant . 

Here, the gain variable circuit 10 comprises an 
operational amplifier 13, level variable transistors 14 
and 15, resistors 16 through 24, and input and output 
condensers 25 and 26. The modulated signal 8 outputted 
from the audio circuit 6 is inputted to its corresponding 
base of the level variable transistor 14 through the 
input condenser 25. Further, the frequency control 
voltage 7 outputted from the loop filter 3 is inputted to 
an inverse input of the operational amplifier 13 . The 
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operational amplifier 13 generates a voltage which 
increases and decreases in inverse proportion to the 
frequency control voltage 7, and inputs it to its 
corresponding base of the transistor 15. Consequently, a 
collector current of the transistor 15 is varied by its 
base voltage and varies an emitter current of the 
transistor 14 simultaneously with its variation. 

Therefore, the transistor 14 whose emitter current 
has been varied, changes in its voltage gain, and varies 
the level of the modulated signal 8 and applies it to the 
VCO 4 through the condenser 26. The gain change-rate 
adjustment circuit 11 comprises a resistor 27 and a 
condenser 28, which are respectively connected in series 
and connected to the emitter of the transistor 14 of the 
gain variable circuit 10. By varying the value of the 
resistor 27, an emitter terminal of the transistor 14 
remains unchanged on a dc basis but changes in ground 
resistance on an ac basis, so that the rate of change in 
the voltage gain of the transistor 14 with respect to the 
frequency control voltage 7 outputted from the loop 
filter 3 can be varied. Owing to the above, the gain 
characteristics of the gain variable circuit 10 with 
respect to the frequency control voltage 7 outputted from 
the loop filter 3 are represented as shown in Fig. 2 
according to the resistor 27 of the gain change-rate 
adjustment circuit 11. R indicates the value of the 
resistor 27. Thus, the modulated signal 12 level- 
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controlled as shown in Fig. 2 by the gain variable 
circuit 10 controlled by the gain change-rate adjustment 
circuit 11 so as to adapt to changes in modulation 
sensitivity of the VCO 4, which are shown in Fig. 5, is 
applied to the VCO 4 so that the difference in modulation 
sensitivity due to the oscillation frequency control 
voltage of the VCO 4 and variations in parts, etc. is 
canceled out. Namely, assuming that the aforementioned 
change ACb in the total capacitance Cb varies according to 
the frequency control voltage 7, and the change ACb is 
taken as ACbl when the frequency control voltage is low 
and the change ACb is taken as ACbh when the frequency 
control voltage is high, the above equations (2) and (3) 
are respectively rewritten as follows: 

ACbl/Cal+Cb (5) ACbh/Ca+Cb (6) 

Thus, the values of ACb can be canceled out so that these 
equations (5) and (6) meet the following equation (7) , 
i.e., the difference in modulation sensitivity due to the 
oscillation frequency control voltage and the variations 
in parts , etc . can be canceled out by varying and 
controlling the level of the modulated signal 8 by means 
of the gain variable circuit 10 and the gain adjustment 
circuit 11. 

ACbl/Cal+Cb = ACbh/Cah+Cb (7) 

[Advantage of the Invention] 

According to the present invention as described 
above, the level of a modulated signal applied to a VCO 
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is varied using a control voltage for controlling an 
oscillation frequency of the VCO, thereby making it 
possible to keep a frequency shift constant regardless of 
the oscillation frequency without exerting any influence 
on a loop of a synthesizer. Thus, the present invention 
is effective for use in an FM wireless device or the like. 
Since it is possible to make adjustments to a change in 
the level of the modulated signal, which adapt to 
variations in VCO, etc., variations at mass production 
can be neglected. 

4. Brief Description of the Drawings: 

Fig. 1 is a block diagram showing one embodiment of 
the present invention; Fig. 2 is a diagram showing gain 
characteristics of a gain variable circuit; Fig. 3 is a 
block diagram showing one example of a conventional 
synthesizer of a direct modulation scheme; Fig. 4 is a 
configuration diagram illustrating a circuit example of a 
VCO; and Fig. 5 is a diagram showing control voltage vs 
modulation sensitivity characteristics of the VCO in the 
same manner. 

1 : reference signal generator, 2 : phase 
comparator, 3 : loop filter, 4 : voltage-controlled 
oscillator (VCO) , 5 : variable divider, 6 : audio circuit, 
10 : gain variable circuit, 11 : gain change-rate 
adjustment circuit, 7 : control voltage, 8 : modulated 
signal, 12 ; level-controlled modulated signal. 

Agent: Katsuo Ogawa, Patent Attorney 
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[Figure 1] 

1 ... reference signal generator, 2 ... phase 
comparator, 3 ... loop filter, 4 ... voltage-controlled 
oscillator, 5 ... variable divider, 6 ... audio circuit 
[Figure 2] 

gain of gain variable circuit 

control voltage 
[Figure 3] 

1 ... reference signal generator, 2 ... phase 
comparator, 3 ... loop filter, 5 ... variable divider, 
6 ... audio circuit 
[Figure 5] 

modulation sensitivity of VCO 

control voltage 

***** 
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